Grafting and cutting are the means for vegetative propagation in coffee plants. Grafting somehow results in more superior seedlings than cutting (Junior et al., 2013) . Grafting is also used for rehabilitating or rejuvenating coffee plantation to improve growth, yield, resistance to nematode, and cup quality. Wintgens and Zamarripa (2004) stated that rehabilitation was used for restoring or improving yield. This technique is now an important factor for higher productivity which is 
INTRODUCTION
generally recommended for trees which are prone to diseases with low productivity. Warshefsky et al. (2016) stated that by grafting, besides to manipulate scion phenotype, rootstocks provide benefit to improve and expand woody perennial cultivation in a range of environmental conditions. For sustainable Arabica coffee (Coffea arabica) production, Alnopri and Hermawan (2015) suggested that Arabica coffee plantation is shifted from high altitude areas to lowland areas by inter-specific grafting using rootstock of Robusta coffee (Coffeacanephora var. Robusta) which is agro-climatically suitable to grow in lowland areas. To improve growth and production, Pranowo and Supriadi (2013) suggested selection of high yielding Robusta clone BP 430 for intra-specific grafting with local Robusta clones since the grafting of clone BP 430 showed better growth than other clones.
The growth performance of coffee grafting depends on rootstock and scion genotype. Compatible grafting of Arabica onto Robusta might result in better growth of plant height and leaf area than non-grafted Arabica (Tomaz et al., 2002) . Grafting Arabica onto Robusta would improve net photosynthesis of Arabica coffee. Moreover, grafted plants would have lower susceptibility to water stress by increasing positive components of leaf carbon balance especially under high vapor pressure deficit condition (Novaes et al., 2011) due to the greater capacity of the root system of Robusta coffee to provide water to the shoot thereby maintaining greater gas exchange in the leaves and consequently a greater carbon gain (Fahl et al., 2001 ).
Grafting C. arabica cv Catuai plants onto C. canephora cv Apoatoa increases branches per plant, pairs of leaves per plant, canopy area, total leaf area of plant, average area of a leaf, internode length, plant height, canopy diameter and coffee yield but does not affect the cup quality (Fahl et al., 2001 ). According to Wintgens and Zamarripa (2004) advantages of grafting Arabica onto Canephora include: (1) it offers the possibility of establishing Arabica in soils which have a high root parasite rating (nematode, root-scales, etc.), (2) the maturation of the cherries will be more uniform because the plant will have a higher tolerance to water-deficient soil, (2) the lifespan of the coffee plantation will be longer because physical defects and unproductive coffee trees will only appear at a later date.
In Latin America, interspecific grafting of Arabica coffee onto Robusta coffee is commonly practiced in order to avoid nematode attack. Grafting of C. arabica cv Caturra plants onto C. canephora decreases plant height, branch length, fruit yield but does not decrease aroma, body, acidity and bitterness of cup quality (Bertrand and Etienne, 2001) . Meanwhile, Excelsa coffee (Coffealiberica var. dewevrei) is commonly used as rootstock because it has strong root growth and resistance to nematode (Udarno and Setiyono, 2015) . In West Lampung, the center of Indonesia Robusta coffee, interspecific grafting of Robusta coffee on Liberica coffee (Coffealiberica) is applied to change Liberica coffee plantation to Robusta coffee plantationand to mitigate drought season. Furthermore, intraspecific coffee grafting of local Robusta/Robusta is commonly practiced improving coffee growth and yield. Farmers commonly practice self-breeding to select better local genotypes to use as grafting materials (Evizal et al., 2015) . According to Van der Vossen (2001) a marked hybrid vigor for yield in progenies could be achieved from inter-population crosses. This research aimed to study the growth performance of matere trees propagated from intra and inter-specific grafting of Robusta coffee.
MATERIALS AND METHODS
The research was conducted in 2016 -2018 at experimental coffee plantation in Sumberjaya, West Lampung Province, Indonesia located at 05 o 02' 64" S and 104 o 24' 37" E with elevation of 860 m above sea level. The research was arranged in Randomized Complete Block Design with 3 replications. There were 12 treatments of scion/ rootstock genotype for coffee grafting including 8 treatments of intraspesific grafting of local Robusta/Robusta consisted of Tugu Sari/Bakir, Tugu Hijau/Bakir, Ciari/Bakir, Ersad/Bakir, Tugu Sari/ Garudak, Tugu Hijau/Garudak, Ciari/Garudak, Ersad/Garudak), and 4 treatments of interspecific grafting of Robusta/Liberica (Tugu Sari/Robinson and Tugu Hijau/Robinson) and Arabica/Robusta (Kartika/Bakir and Kartika/Garudak) ( Table 1) .
15-year-old coffee trees of Bakir, Garudak, and Robinson (local genotypes) having water shoot branches with similar growth were selected as rootstocks. Fourteen grafting were done using method of inlay bark top grafting with one node scion for every replication of treatments. Scion wood was harvested from selected collection trees. Fertilizer of NPK (150-50-100 kg ha -1 ) was applied. Pruning after harvesting, maintenance pruning (2x), manual weeding (1x), and herbicide spraying (2x) were performed per year. Data collection consisted of percentage of sprouting, vegetative growth of branches, and generative growth including fruiting branch, number of inflorescences, and number of cherries that were being collected at mature stage in 18 months after grafting according to Wintgens and Zamarripa (2004) . Data were subjected to analysis of variance and correlation of Pearson.
RESULTS AND DISCUSSION
Grafting success rate and branch growth were not significantly affected by entrees/under-stump genotype treatments (Table 2 ). Intraspecific grafting of Robusta/Robusta resulted in average grafting sprouting percentage of 90.2% (mortality rate of 9.8%), interspecific grafting of Robusta/Liberica produced 89.1% sprouting (mortality rate of 10.9%), and interspecific grafting of Arabica/Robusta resulted in 75.2% sprouting (mortality rate of 24.8%). Bertrand and Etienne (2001) reported 13.3% mortality rate in grafting of Robusta/Robusta, 20% mortality rate in grafting Arabica/Liberica, and 9.7% mortality rate in grafting Arabica/ Robusta. For yield improvement of mature trees, farmers in West Lampung District were successful to graft local genotypes of Robusta coffee that were propagated by seed (Bakir and Garudak) with diverse clonal genotypes such as Tugu Sari, Tugu Hijau, Ciari, and Ersad (Evizal, 2013; Evizal et al., 2010) . The farmers also commonly inter-planted Liberica coffee (propagated by seed) as rootstock for clonal Robusta genotypes (Evizal et al., 2015) . Under government's program, farmers were still not successful to inter-plant Arabica with Robusta coffee. Arabica cv. Kartika exhibited slower growth than Robusta. Therefore, Arabica coffee cv. Kartika was less compatible to be inter-planted with or to be grafted onto mature Robusta trees as Robusta branches were dominant. When Arabica/Robusta grafting was conducted at seedling stage in a greenhouse as reported by Bertrand and Etienne (2001) , the grafting success rate could achieve 87-96%. However, Arabica/Liberica grafting showed less compatibility, as the grafting success rate was only about 79.5% with slower growth and lower yield. It seems that inter-specific grafting Arabica/Robusta is more suitable for seedling multiplication than for mature coffee cloning as supposed by Alnopri and Hermawan (2015) . We suppose that the Robusta under-stump trees need to be full pruned to induce Arabica scion's survival, growth, and development.
Whatever the combination scion/root-stock used for grafting, certain heterogeneity in the plants cannot be avoided due to the interaction between the scion and the root-stock (Wintgens and Zamarripa, 2004) . Figure 1 shows primary branch length heterogeneity related to different scion and rootstock genotypes especially for Robusta/ Robusta and Arabica/Robusta grafting. However, Robusta/Liberica grafting showed similar branch length. Figure 2 shows heterogeneity of number of primary branches related to different scion and A year after grafting, a branch would achieve its maturity that is showed by flowers growth. Table 3 shows generative growth of branches a year after grafting. Robusta grafting (Robusta/ Robusta and Robusta/Liberica) had been flowering since the end of the first year after grafting but Arabica/Robusta still had been not flowering. Fruiting branch and cherry inflorescence per branch were affected by entrees and under-stump genotypes. Arabica grafting showed the lowest generative growth. Tugu Hijau/Garudak grafting showed the highest flower inflorescence per branch and Tugu Sari/Garudak grafting showed the highest cherry per inflorescence. Tugu Hijau and Tugu Sari were the main clonal genotypes found in West Lampung District, while Ciari and Ersad were found in North Lampung District (Evizal et al., 2015) especially around Mountain Rigis which were commonly grafted onto Robusta and Liberica under-stump. Table 4 shows generative growth of branches at the second year after grafting. Fruiting branch and cherry inflorescence per branch were affected by scion and rootstock genotypes. Tugu Hijau/Bakir grafting gave the highest primary branch length and number of fruiting branch. However, variables of cherry inflorescence per branch and cherry inflorescence were not affected by scion and rootstock genotypes. It indicated that different genotypes of scion could result in different branch growth and cherry yield, but it was still inconsistent until the first and the second year of fruiting season. According to Van der Vossen (2001) , vigorous coffee trees will have a high rate of new shoot and leaf production to sustain a heavy crop. Lower fruiting branch and cherry inflorescence per branch of Robusta/ Liberica grafting might not indicate an incompatibility as reported by Bertrand and Etienne (2001) for Arabica/Liberica grafting. Table 5 shows the correlation between variables. Grafting sprouting rate, as variable of grafting success rate, was less correlated with variables of growth. Branch girth was correlated with leaf expansion (length and width of leaf). Leaf expansion and length of branch were commonly correlated with other growth variables as also reported by Covre et al. (2016) . Number of inflorescences, as variable of generative growth, was not correlated with vegetative growth. Wintgens (2004) stated that the flowering of coffee was controlled by hormones influenced by branch growth and water stress during dry season. The more severe the dry season the more intense the flowering. Thereafter, the dormant flowers are broken by sudden rainfall before starting to blossom.
CONCLUSION
Intraspecific grafting of Robusta/Robusta, Robusta/Liberica, and Arabica/Robusta resulted in grafting mortality rate of 9.8%, 10.9%, and 24.8%, respectively. Until 28 weeks after grafting, branch growth variables were significantly affected by scion/rootstock genotype treatments including Robusta/Robusta, Robusta/Liberica, and Arabica/ Robusta grafting. Arabica/Robusta coffee graft- Note: SG = sprouting grafting, BG = branch girth, NL = number of leaf; LL = length of leaf; BL = broad of leaf; LPB = length of primary branch, LSB = length of secondary branch, NPB = number of primary branch; NSB = number of secondary branch; NI = number of inflorescence (Correlations Pearson, at * 0.05 and ** 0.01 significance).
ing showed the poor growth performance. In the second year of Robusta/Robusta and Robusta/ Liberica growth, generative growth of cherry inflorescence per branch and number of cherries per inflorescence were not affected by scion and rootstock genotypes. Leaf and branch growth were very important variables correlated with other variables.
